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Description

�[0001] The present invention relates generally to de-
vices for correcting the spinal column and other bones
and joints, and more specifically to connectors for such
devices.

Background of the Invention

�[0002] The bones and connective tissue of an adult
human spinal column consist of an upper portion (the
cervical, thoracic, and lumbar regions) having more than
20 discrete bones, and a lower portion which consists of
the sacral bone and the coccygeal bodies. The bones of
the upper portion are generally similar in shape, the size
of the bones progressively varying from small to large
downwardly along the spine.
�[0003] The vertebrae are coupled to one another by a
tri-�joint complex consisting of an anterior disc and the
two posterior facet joints, the anterior discs of adjacent
bones being cushioned by cartilage spacers referred to
as intervertebral discs. Referring now to Figures 1, 2
and 3 (which are reproductions of Figures 1-3 of U.S.
Patent No. 5,885,284, top, lateral, and posterior views,
respectively, of typical vertebral bones of the spinal col-
umn are shown. The spinal cord is housed in the central
canal 10, protected from the posterior side by a shell of
bone called the lamina 12. The lamina 12 has three large
protrusions. Two of these extend laterally from the side
ends thereof and are referred to as the transverse proc-
esses 14. The third extends back and down from the
center of the lamina and is called the spinous process
16. The lamina 12 defines an arched shape about the
posterior of the spinal cord, the arched shape having lat-
eral portions 13a, 13b which are generally straight, and
which meet beneath the spinous process 16 at a curved
surface 15.
�[0004] The anterior portion of the spine comprises a
set of generally cylindrically shaped bones which are
stacked one on top of the other. These portions of the
vertebrae are referred to as the vertebral bodies 20, and
are each separated from the other by the intervertebral
discs 22. Pedicles 24 are bone bridges which couple the
anterior vertebral body 20 to the corresponding lamina
12 and transverse and spinous processes 14,16.
�[0005] Referring specifically to Figure 3, the stacking
of vertebrae is shown from the posterior. As can be seen
in Figure 3, each vertebra is coupled to the one above
and below via facet joints 19 on either side of an opening
into the spinal canal 10.
�[0006] In its entirety, the spinal column is highly com-
plex in that it houses and protects critical elements of the
nervous system which have innumerable peripheral
nerves and arterial and venous bodies in close proximity.
In spite of these complexities, the spine is a highly flexible
structure, capable of a high degree of curvature and ro-
tation through a wide range of motion. Genetic or devel-
opmental irregularities, trauma, chronic stress, tumors,

and disease, however, can result in spinal pathologies
which either limit this range of motion or threaten the
critical elements of the nervous system housed within
the spinal column.
�[0007] Such pathologies may be treated by a wide va-
riety of therapeutic interventions, including immobiliza-
tion of one or more vertebrae. A variety of systems have
been proposed which achieve this immobilization by im-
planting artificial assemblies in, or on, the spinal column.
These assemblies may be classified by their position rel-
ative to the spine as anterior, posterior, or lateral im-
plants. Anterior and lateral assemblies generally com-
prise short structures which support only a few adjacent
vertebral bodies. Conversely, posterior implants often
comprise pairs of elongate vertically disposed rods for
stabilizing both short and long segments of the spine.
Typically, such posterior rods are coupled to the back of
the spinal column via hooks which slip under the lamina,
means for attachment to the transverse process, and/or
by screws which are inserted through the pedicle (often
termed "pedicle screws").
�[0008] In some instances it may be desirable to provide
enhanced torsional rigidity to the rods. In such instances,
cross- �linking devices or connectors which couple the
rods together transverse to the axes of the rods are typ-
ically employed. Exemplary devices and connectors are
illustrated in U.S. Patent Nos. 5,885,284 to Errico et al. �,
5,084,049 to Asher et al. �, 5,752,955 to Errico et al. �,
6,136,003 to Hoeck et al.�, 6,113,600 to Drummond et al.
, PCT Publication No. WO 00/59387, and 5,368,594 to
Martin et al. In other instances, such as revision or ex-
tension procedures, it may be desirable to utilize a con-
nector to connect new hardwared to the existing rods or
plates. Exemplary devices and connectors commercially
available from DePuy Acromed (e.g., Moss Miami axial
connectors and Isola Aval rod connectors) and Sofamore
Danek (e.g., CROSSLINK ® multi-�span plates and offset
plates, TSRH offset plates, and CD Horizon axial/ �domino
connectors). In considering the design of a connector,
issues include its size (because the connector is implant-
ed in the body near the spine, it should occupy a relatively
small volume in order that it be comfortable and non-
intrusive for the patent) and its ease of implantation
(which can encompass both the ease of attaching an
individual rod to the connector and its orientation relative
to the patient and the doctor during surgery). Because
(a) there are a number of different surgical procedures
in which these connectors are employed and (b) different
surgeons have different preferences for connector con-
figurations, it is desirable to provide new connector con-
figurations that can meet individual surgeons’ needs.

Summary of the Invention

�[0009] Connector embodiments of the present inven-
tion are configured to address different surgical needs
and techniques for interconnecting multiple bone fixation
devices (such as rods or plates between vertebrae). As
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a first aspect, the present invention is directed to a con-
nector as defined in claim 9 that comprises: first and sec-
ond mating members, each of the members including a
body portion, a mating projection and a recess adapted
to engage a respective one of at least two bone fixation
rods; first and second retaining members; and a fastener.
The body portions of the mating members include an
aperture having a longitudinal axis that is generally per-
pendicular to longitudinal axes of the rods, and the mating
projections of the first and second mating members in-
clude an aperture, the mating projection of the first mating
member overlying the mating projection of the second
mating member such that their respective apertures are
generally axially aligned. The first and second retaining
members are inserted into, respectively, the body portion
apertures of the first and second mating members to en-
gage a respective rod. The fastener is inserted through
the mating projection apertures of the first and second
mating members. When the fastener is in a tightened
condition, the first and second mating members are pre-
vented from relative rotation, and when the fastener is in
a loosened condition, the first and second mating mem-
bers are free to rotate about an axis of rotation that is
generally parallel to the longitudinal axes of the body por-
tion apertures of the first and second mating members.
In this configuration, the connector can be manipulated
in the coronal plane of the subject to interconnect non-
parallel rods, and the rods can be secured and the con-
nector tightened easily by a surgeon from above the
spine. Each of the body portion recesses has a center,
which centers are positioned between about 8,9mm (0.35
inches) and about 30,5mm (1.2inches) from each other.
�[0010] There is further provided an apparatus for con-
necting vertebrae of a subject as defined in claim 1, com-
prising:�

at least two rods, each of the rods defining a longi-
tudinal axis; and
a connector that interconnects the rods, the connec-
tor comprising: �

first and second mating members, each of the
members including a body portion, a mating pro-
jection and a recess adapted to engage a re-
spective one of the rods, the body portion includ-
ing an aperture having a longitudinal axis that is
generally perpendicular to the longitudinal axes
of the rods, each of the mating projections of the
first and second mating members including an
aperture, the mating projection of the first mating
member overlying the mating projection of the
second mating member such that their respec-
tive apertures are generally axially aligned;
first and second retaining members inserted in-
to, respectively, the body portion apertures of
the first and second mating members to engage
a respective rod; and
a fastener inserted through the mating projec-

tion apertures of the first and second mating
members;

wherein, when the fastener is in a tightened condition,
the first and second mating members are prevented from
relative rotation, and when the fastener is in a loosened
condition, the first and second mating members are free
to rotate about an axis of rotation that is generally parallel
to the longitudinal axes of the body portion apertures of
the first and second mating members. � Each of the body
portion recesses has a center, which centers are posi-
tioned between about 8,9 mm (0.35inches) and about
30,5mm (1.2 inches) from each other.
�[0011] Contacting surfaces on the mating projections
of the first and second mating members may include nest-
ing topography that inhibits relative rotation of the first
and second mating members when the fastener is in the
tightened condition.
�[0012] The mating projection apertures may be con-
figured such that, when the fastener is in the loosened
condition, the first and second mating members are free
to translate relative to each other along a translation axis
that is perpendicular to the axis of rotation and the lon-
gitudinal axes of the fingers of the first and second mating
members.
�[0013] The first and second retaining members may
be threaded fasteners accessible from a first side of the
connector, wherein the fastener is accessible from the
first side of the connector.
�[0014] Each of the first and second mating members
may further comprise a finger, the fingers and the body
portions of the first and second mating members together
forming, respectively, the recesses of the first and second
mating members.
�[0015] Each of the body portions may have an upper
surface, and the mating projections of the first and second
mating members may be located at different first and
second distances from their respective body portion up-
per surfaces.
�[0016] Each of the body portion recesses may have a
center, wherein the recess centers may be positioned at
substantially the same distance from the body portion
upper surfaces.
�[0017] Each of the body portions of the first and second
mating members may have a cutaway portion that is com-
plimentary to and nested with an end of the mating pro-
jection of the other of the first and second mating mem-
bers.

Brief Description of the Figures

�[0018]

Figure 1 is a top view of a vertebra of the human
spine.
Figure 2 is a side view of a series of vertebrae of
the human spine.
Figure 3 is a posterior view of a series of vertebrae
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of the human spine.
Figure 4 is a perspective view of a connector em-
bodiment of the present invention joining two bone
fixation rods.
Figure 5 is an exploded perspective view of the con-
nector embodiment of Figure 4.
Figure 6 is a perspective view of a connector which
is not port of the present invention joining two bone
fixation rods.
Figure 7 is an exploded perspective view of the con-
nector example of Figure 6.
Figure 8 is a perspective view of an additional con-
nector which is not port of the present invention join-
ing two bone fixation rods.
Figure 9 is an exploded perspective view of the con-
nector example of Figure 8.
Figure 10 is a perspective view of a further connector
embodiment of the present invention joining two
bone fixation rods.
Figure 11 is an exploded perspective view of the
connector embodiment of Figure 10.
Figure 12 is a perspective view of still another con-
nector which is not port of the present invention join-
ing two bone fixation rods.
Figure 13 is an exploded perspective view of the
connector example of Figure 12.
Figure 14 is a perspective view of yet another con-
nector which is not port of the present invention join-
ing two bone fixation rods.
Figure 15 is an exploded perspective view of the
connector example of Figure 14.
Figure 16 is a perspective view of another connector
which is not port of the present invention joining two
bone fixation rods.
Figure 17 is an exploded perspective view of the
connector example of Figure 16.

Detailed Description of the Invention

�[0019] The present invention will now be described
more fully hereinafter, in which preferred embodiments
of the invention are shown. This invention may, however,
be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete, and will fully con-
vey the scope of the invention to those skilled in the art.
In the drawings, like numbers refer to like elements
throughout. Thicknesses and dimensions of some com-
ponents may be exaggerated for clarity.
�[0020] Turning now to the figures, a connector, desig-
nated broadly at 100, is illustrated in Figures 4 and 5.
The connector 100 includes a first mating member 102,
a second mating member 120, and a bolt 138. These
components are described in detail below.
�[0021] The first mating member 102 includes a body
portion 104, a finger 108, and a mating projection 114.
The body portion 104 is generally wedge- �shaped and

includes a pair of apertures 106, each of which has a
respective longitudinal axis A1, A2. The finger 108 ex-
tends from one end of the body portion 104. The free end
of the finger 108 and the lower edge of the body portion
104 form an opening 110 that leads to a recess 111 de-
fined by an arcuate upper surface 108a of the finger 108
and a substantially flat lower surface 104a of the body
portion 104. Two set screws 112 extend through the ap-
ertures 106; the heads 112a of the set screws 112 extend
above the body portion 104 when in a loosened condition,
and the shanks 112b of the set screws 112 extend into
the recess 111. The mating projection 114 extends away
from a lower region 114a of the body portion 104 in a
direction generally opposite that of the finger 108. The
mating projection 114 has serrations 115 on its upper
surface. A threaded aperture 116 extends through the
mating projection 114; the aperture 116 includes a lon-
gitudinal axis A3 that is generally parallel with the axes
A1, A2. The mating projection 114 includes a cutaway
portion 118.
�[0022] The second mating member 120 is the mirror
image of the first mating member 102 with the exception
of the location and configuration of its mating projection.
More specifically, the second mating member 120 in-
cludes a body portion 122 with threaded apertures 124,
a finger 126 that, with the body portion 122, forms an
opening 128 into a recess 129, and set screws 130 that
extend through the apertures 124. The mating projection
132 of the second mating member 120 extends from an
upper region 122a of the body portion 122 in a direction
generally opposite that of the finger 126. The mating pro-
jection 132 includes serrations 133 on its lower surface
that are configured to mate with the serrations 115 of the
mating projection 114 of the first mating member 102. A
non-�threaded aperture 134 extends through the mating
projection 132 and has a longitudinal axis A4 that is sub-
stantially coincident with the axis A3. When the second
mating member 120 is attached to the first mating mem-
ber 102, the mating projection 132 overlies the mating
projection 114; also, the mating projection 132 is com-
plimentary to and nests within the recess 109 of the first
mating member 102, and the mating projection 114 is
complimentary to and nests within the recess 135 of the
second mating member 120.
�[0023] The bolt 138 has a head 140 and a threaded
shank 142. The shank 142 extends through the aperture
134 and is threadedly received in the aperture 116, such
that the head 140 resides above the mating projection
132.
�[0024] As can be seen in Figure 4, the connector 100
can be attached to two rods 150,152 that have been
mounted to vertebrae of a subject. In most instances, the
connector 100 will be oriented such that the head 140 of
the bolt 138 faces away from the spine. After the attach-
ment of the rods 150, 152 to respective vertebrae, the
connector 100 is positioned so that one of the rods 150
is engaged within the recess 111, and the other rod 152
is engaged within the recess 129. In each instance, the
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rods 150, 152 can be inserted into their respective re-
cesses 111, 129 through the openings 110, 128 located
on the sides of the first and second mating members 102,
120. The bolt 138 should be in a loosened condition,
thereby enabling the first and second mating members
102, 120 to rotate relative to each other about the axes
A3, A4 (i.e., the first and second mating members 102,
120 are free to rotate relative to each other within the
coronal plane of the subject) to accommodate non-�par-
allel rods 150,152.
�[0025] After the rods 150, 152 are positioned within
their respective recesses 111, 129, they can be secured
therein through the tightening of the set screws 112, 130.
Notably, the set screws 112, 130 are oriented so that the
tightening heads thereof face the same direction (i.e.,
away from the spine) as the head 140 of the bolt 138.
This orientation typically will cause the heads of the set
screws 112, 130 to face the surgeon, thereby facilitating
tightening of the set screws 112, 130.
�[0026] After the set screws 112, 130 are tightened, the
bolt 138 can then be tightened into the aperture 116 to
force the mating projections 114, 132 together. The com-
pression of the mating projections 112, 130 causes the
serrations 115, 133 to nest and mate, thereby preventing
relative rotation of the first and second members 102,
120. Like that of the set screws 112, 130, the head 140
of the bolt 138 faces the surgeon to facilitate tightening.
�[0027] Of course, the connector 100 can be attached
to the rods 150, 152 in a different sequence of steps than
that described above. For example, one or both of the
rods can be attached to the connector 100 prior to at-
tachment of the rod to a vertebra of the subject. Also, the
bolt 138 may be tightened prior to the tightening of the
set screws 112, 130, or the bolt 138 and/or the set screws
112, 130 may be tightened to less than full torque during
insertion, then tightened to a higher torque magnitude
after all components have been inserted. The skilled ar-
tisan will understand that other sequences of steps for
insertion may also be suitable.
�[0028] Notably, the connector 100 is configured such
that the centers of the recesses (i.e., the locations where
the centers of the rods 150, 152 reside within the recess-
es 111, 129) are located at substantially the same depth
relative to the top surfaces of the body portions 104, 122.
This results from the offset relationship of the mating pro-
jections 114, 130, in which the mating projection 114 ex-
tends from the lower region of the body portion 104, while
the mating projection 132 extends from the upper region
of the body portion 122. Because the centers of the rods
150, 152 are located at approximately the same depth
in the subject, the connector 100 can be recessed farther
from the subject’s dorsal skin surface than some prior
connectors that lack this offset design.
�[0029] Each of the mating members 102, 120 is typi-
cally formed as a unitary component, preferably of tita-
nium, titanium alloys (like Ti-�6Al-�7Nb), nickel titanium al-
loys, cobalt chromium alloys, or other suitable metallic
materials. In most instances, the rods 150, 152 will be

located on the same side of the subject, i.e., they will be
located on the same side of a plane defined by the
spinous processes of the vertebrae of the subject. As
such; the dimensions of the connector 100 should remain
relatively small; according to the invention, the distance
between the centers of the recesses 111, 129 is between
about 8,9mm (0.35 inch) and about 30,5mm (1.2 inches).
This distance can reduced somewhat by the nesting of
the mating projections 114, 132 within complimentary re-
cesses in the body portions 104, 122. The depth of the
recesses 111, 129 (from the front of the recess to its rear)
is preferably between about 7,6mm (0,3inch) and
25.4mm (1 inch).
�[0030] Those skilled in this art will recognize that alter-
native embodiments of the connector that differ from that
illustrated herein may also be suitable. For example, the
serrations 115, 133 may be replaced with roughened sur-
faces, knurls, or other nesting topography that prevents
relative rotative movement. The pairs of set screws 112
may be replaced with a single set screw, bolts or other
retaining members. The bolt 138 may be replaced with
a screw, a bolt/nut combination, or another fastener.
�[0031] Turning now to Figures 6 and 7, an example
of a connector which is not port of the present invention,
designated broadly at 200, is illustrated therein. The con-
nector 200 includes a body portion 204, a finger 208, and
a mating projection 214. The body portion 204 is gener-
ally wedge-�shaped and includes a pair of apertures 206,
each of which has a respective longitudinal axis B1, B2.
The finger 208 extends from one end of the body portion
204. The free end of the finger 208 and the lower edge
of the body portion 204 form an opening 210 that leads
to a recess 211 defined by an arcuate lower surface 208a
of the finger 208 and a substantially flat upper surface
204a of the body portion 204. Two set screws 212 extend
through the apertures 206; the heads 212a of the set
screws extend above the body portion 204 when in a
loosened condition, and the shanks 212b of the set
screws 212 extend into the recess 211.
�[0032] The mating projection 214 extends away from
a lower region of the body portion 204 in a direction gen-
erally opposite of that of the finger 208. The mating pro-
jection 214 includes a threaded aperture 216 having a
longitudinal axis B3 that is generally parallel with the axes
B1, B2.
�[0033] An extension shaft 220 includes a shank 222
having a slot 224 and external threads 226. The exten-
sion shaft 220 is configured such that the threaded end
of the shank 220 is threaded into the aperture 216 of the
connector 200. The illustrated extension shaft 220 is of
the "break-�off" variety, which includes tabs 228 that can
be snapped off after insertion of a nut 230 to save space
within the subject.
�[0034] As illustrated in Figures 6 and 7, the connector
200 and the extension shaft 220 can be used to inter-
connect two rods 232, 234. After the rods 232, 234 are
mounted in the subject, the extension shaft 220 is thread-
ed into the aperture 216 (within which it is freely rotatable)
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until the slot 224 takes an orientation that enables the
rod 234 to reside therein. The rod 232 is inserted into the
recess 211 through the side opening 210 and secured
therein in the manner described above for the connector
100. The nut 230 is then threaded onto the external
threads 226 of the extension shaft 220 and tightened to
secure the rod 234 within the slot 224 of the shank 222.
Thus, the connector 200 can interconnect two rods to
provide additional stability to the spine and can be ad-
justed within the coronal plane. As with the connector
100, other sequences of steps for insertion of the con-
nector 200 and rods 232, 234 may also be suitable.
�[0035] Like the connector 100, the connector 200 can
be relatively simple for the surgeon to insert and secure,
as the set screws 212 and the nut 230 all face away from
the spine and can be tightened conveniently by the sur-
geon. It also is notable that the connector 200 enables
the centers of the rods 232, 234 to be located at essen-
tially the same depth in the subject, which, as described
above, may be desirable.
�[0036] The connector 200 is preferably formed as a
unitary component, preferably of titanium, titanium alloys
(like Ti-�6Al-�7Nb), nickel titanium alloys, cobalt chromium
alloys, or other suitable metallic materials. The dimen-
sions are typically such that the rod centers are separated
by between about 8,9 mm (0.35 inch) and about 30,5mm
(1.2 inches) and the depth of the recesses is between
about 7,6mm (0.3inch) and 25.4mm (1 inch).
�[0037] Alternative embodiments of the connector 200
include those employing screws or bolts instead of the
set screws and those having jam nuts or set screws in
place of the nut 230. Of course, in these alternative em-
bodiments, the extension shaft may have interior threads
or other projections/�recesses to mate with the fastener
of choice. In addition, an example of a connector which
is also not part of the present invention illustrated in Fig-
ures 8 and 9 and designated broadly at 250 includes a
two piece "claw" 252 formed by a recess 253 in the body
portion 254 and a recess 255 in a cover portion 256. The
claw 252 is held together by a set screw 257. The re-
maining structure of the connector 250 matches that of
the connector 200, and the discussion above directed to
the connector 200 and its alternative embodiments is
equally applicable to the connector 250.
�[0038] Another connector embodiment, designated
broadly at 300, is illustrated in Figures 10 and 11. The
connector 300 includes first and second mating members
302, 320 and a bolt 334. These components are further
described below.
�[0039] The first mating member 302 includes a body
portion 304 to which is attached a pocket 306. The pocket
306 is defined by side walls 307 and a floor 307a, and
has an opening 308 opposite the floor 307a. An axis C1
extends from the floor 307a through the opening 308. A
set screw 310 fits within the opening 308 to close the
pocket 306. A mating projection 312 extends from a lower
region 304a of the body portion 304 in a direction away
from the pocket 306. The mating projection 312 has a

threaded aperture 314 with a longitudinal axis C2. The
mating projection 312 also has knurls 316 on its upper
surface.
�[0040] The second mating member 320 includes a
body portion 322 and a pocket 324 formed by side walls
325 and a floor 325a. An opening 326 is defined by the
side walls 325 opposite the floor 325a; an axis C3 ex-
tends from the floor 325a through the opening 326. A set
screw 328 is positioned in the opening 326 to close the
pocket 324. A mating projection 330 originates at an up-
per region 330a of the body portion 322 and extends
away from the pocket 324. The mating projection 330
has an elongate aperture 332 that overlies the aperture
314; the aperture 332 has a longitudinal axis C4 that is
generally parallel with the longitudinal axis C2. The mat-
ing projection 330 also has knurls 333 on its lower surface
that, when the mating projection 330 overlies the mating
projection 312, mate with the knurls 316 of the mating
projection 312.
�[0041] The bolt 334 is inserted through the aperture
332 and is threadedly received in the aperture 314. The
bolt 334 is sized such that its shank 336 is smaller in
diameter than the width of the aperture 332. In a loosened
condition, the first and second mating members 302, 320
are free to rotate about the axes C1, C2 and to translate
laterally relative to one another (i.e. such that the distance
between the pockets 306, 324 can be increased or re-
duced). Typically, the distance between the centers of
the pockets 306, 324 will be range between about 8,9mm
(0.35 inches) and about 30,5mm (1.2 inches).
�[0042] In use, the connector 300 is inserted into the
subject such that rods 340, 342 are secured within the
pockets 306, 324. This is accomplished by positioning
the connector 300 below the rods 340, 342 (i.e., such
that the pockets 306, 324 face away from the spine and
toward the surgeon) without the set screws 310, 328 in
place. The bolt 334 should be in a loosened condition.
The connector 300 is then raised and the first and second
mating members 302, 320 rotated and translated relative
to each other so that the rods 340, 342 are inserted into
the pockets 306, 324. The bolt 334 is then tightened to
prevent movement of the first and second mating mem-
bers 302, 320 relative to each other; this movement is
further prevented by the interaction of the knurls 315,
333 on the mating projections 312, 330 of the first and
second mating members 302, 320. The set screws 310,
328 are placed in the openings 308, 326 and tightened
to secure the rods 340, 342 in place. Those skilled in this
art will recognize that other sequences of steps for in-
serting the connector 300 and rods 340, 342 may also
be suitable.
�[0043] Those skilled in this art will recognize that alter-
native configurations of the connector 300 may also be
suitable for use. For example, the set screws may be
replaced with jam nuts or nuts threaded onto the outer
surfaces of the side walls 307, 325 of the pockets 306,
324. The bolt 334 may be replaced by a screw or other
threaded fastener. The elongate aperture 332 of the mat-
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ing projection 330 of the second mating member 320
may be non- �elongate if relative translation of the first and
second mating members 302, 320 is not required or de-
sired. Also, alternative surface topography (such as
roughened mating surfaces) may be used on the mating
projections 312, 330 in place of the knurls 315, 333.
�[0044] Each of the mating members 302, 320 is typi-
cally formed as a unitary component, preferably of tita-
nium, titanium alloys (like Ti-�6Al-�7Nb), nickel titanium al-
loys, cobalt chromium alloys, or other suitable metallic
materials. In many instances, the rods 340, 342 will be
located on the same side of the subject, i.e., they will be
located on the same side of a plane defined by the
spinous processes of the vertebrae of the subject. As
such, the dimensions of the connector 300 should remain
relatively small; according to the invention, the distance
between the centers of the pockets 306, 324 is typically
between about 8,9mm (0.35 inches) and about 30,5mm
(1.2 inches).
�[0045] A further connector example which is not port
of the present invention, designated broadly at 400, is
illustrated in Figures 12 and 13. The connector 400 in-
cludes a body portion 402, a stationary pocket 404, and
a rotatable pocket 408. The stationary pocket 404, which
is located at one end of the body portion 402, is defined
by side walls 404a and a floor 404b; the side walls 404a
define an opening 404c that is opposite the floor 404b.
A set screw 405 is received within and covers the opening
404c.
�[0046] The body portion 402 includes a ball 406 at the
end thereof opposite the stationary pocket 404. The ro-
tatable pocket 408 is rotatably attached to the ball 406
through a socket 410 that enables the pocket 408 to ro-
tate relative to the body portion 402 about multiple axes
of rotation. The rotatable pocket 408 also includes side
walls 408a and a floor 408b; the side walls 408a define
an opening 409 opposite the floor 408b. A set screw 412
is received within and covers the opening 409.
�[0047] In operation, the connector 400 is disposed in
the subject in the same manner as the connector 300;
i.e., it is positioned such that the body portion 402 resides
nearer the spine of the subject than the openings 404c,
409 of the pockets 404, 408. With the set screws 405,
412 removed from the openings 404c, 409, rods 420,
422 can be inserted within the pockets 404, 408, with the
rotatable pocket 408 being capable of rotating to different
orientations relative to the stationary pocket 404 to adjust
for the location and/or angle of the rod 422 relative to the
rod 420. Once the rods 420, 422 are inserted into their
respective pockets 404, 408, they can be secured by the
insertion and tightening of the set screws 405, 412 in the
openings 404c, 409; tightening of the set screw 412 also
should prevent further rotation of the rotatable pocket
408 relative to the body portion 402. The orientation of
the connector 400 can should cause the set screws 405,
412 to face the surgeon, thereby facilitating their tighten-
ing and, consequently, the securing of the connector 400
to the rods 420, 422. As with the other connector em-

bodiments discussed above, the sequence of steps for
inserting the connector 400 and rods 420, 422 in the sub-
ject may be varied.
�[0048] Those skilled in this art will recognize that alter-
native configurations of the connector 400 may also be
suitable for use. For example, the set screws may be
replaced with jam nuts or nuts threaded onto the outer
surfaces of the side walls 404a, 408a of the pockets 404,
408. Also, the ball 406 may take a different configuration,
such as one that enables the rotatable pocket to be
"locked" into preferred orientations.
�[0049] Typically, the body portion 402 (with the ball
406) and the stationary pocket 404 are formed as one
unitary component, while the rotatable pocket 408 is
formed as a separate component. Both of these compo-
nents are preferably formed of titanium, titanium alloys
(like Ti-�6Al-�7Nb), nickel titanium alloys, cobalt chromium
alloys, or other suitable metallic materials. The dimen-
sions of the connector 400 will typically be such that the
distance between the centers of the pockets 404, 408 is
between about 8,9mm (0.35 inches) and about 30,5mm
(1.2 inches), with the rotatable pocket 408 being able to
pivot over a range of about 0 to about 270 degrees in the
coronal plane, about 0 to about 360 degrees in the sagittal
plane, and about 0 to about 360 degrees in the transverse
plane.
�[0050] Still another connector example which is not
port of the present invention, designated broadly at 500,
is illustrated in Figures 14 and 15. The connector 500,
which is a non-�adjustable connector (i.e., with respect to
rotation and lateral translation), includes a body portion
502, a cover portion 510, and a nut 516. The body portion
502 has a pair of upwardly-�facing recesses 504a, 504b
located on opposite sides thereof. An externally threaded
post 506 rises from the center of the body portion 502.
The cover portion 510 includes a pair of downwardly-
facing recesses 512a, 512b and a centrally- �located ap-
erture 514. The nut 516 is internally threaded and sized
to receive the post 506.
�[0051] In use within a subject, the body portion 502 is
positioned to underlie two rods 518, 520 attached to the
spine of a patient, with the rods 518, 520 being positioned
in respective recesses 504a, 504b. The cover portion
510 is then positioned to overlie the body portion 502 so
that the post 506 extends through the aperture 514 and
the recesses 512a, 512b overlie the rods 518, 520. The
nut 516 is then threaded onto the post 506 to secure the
rods 518, 520 within the connector 500.
�[0052] As an alternative configuration to that of the post
506 and aperture 514, as shown in Figures 16 and 17
in a connector 500’, the post 506’ can include a slot 520,
and the cover portion 510’ can include a bridge 522 that
is received within the slot 520.
�[0053] The body portion 502 and the cover portion 510
are typically formed as unitary components and prefer-
ably of titanium, titanium alloys (like Ti-�6Al-�7Nb), nickel
titanium alloys, cobalt chromium alloys, or other suitable
metallic materials. The distance between the centers of
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the rods 518, 520 is preferably between about 8,9mm
(0.35 inches) and about 30,5mm (1.2 inches).
�[0054] Those skilled in this art will appreciate that, al-
though the connectors of the present invention are illus-
trated herein for use in spinal correction, they may also
be used to correct or supplement other orthopedic pro-
cedures. Also, although such procedures are typically
performed on human subjects, veterinary surgeries also
may benefit from the use of these connectors.
�[0055] The foregoing is illustrative of the present in-
vention and is not to be construed as limiting thereof.
Although exemplary embodiments of this invention have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the exem-
plary embodiments without materially departing from the
novel teachings and advantages of this invention. Ac-
cordingly, all such modifications are intended to be in-
cluded within the scope of this invention as defined by
the appended claims.

Claims

1. An apparatus for connecting vertebrae of a subject,
comprising: �

at least two rods (150,152,340,342), each of the
rods defining a longitudinal axis; and
a connector (100, 300) that interconnects the
rods, the connector comprising:�

first (102,302) and second (120,320) mating
members, each of the members including a
body portion (104,122,304,322), a mating
projection (114,132,312,330) and a recess
(111,129,306,324) adapted to engage a re-
spective one of the rods, the body portion
including an aperture (106,124,306,324)
having a longitudinal axis that is generally
perpendicular to the longitudinal axes of the
rods, each of the mating projections of the
first and second mating members including
an aperture (116,134,314,332), the mating
projection of the first mating member over-
lying the mating projection of the second
mating member such that their respective
apertures are generally axially aligned;
first and second retaining members
(112,130,310,328) inserted into, respec-
tively, the body portion apertures of the first
and second mating members to engage a
respective rod; and
a fastener (138,334) inserted through the
mating projection apertures of the first and
second mating members;
wherein, when the fastener is in a tightened
condition, the first and second mating mem-
bers are prevented from relative rotation,

and when the fastener is in a loosened con-
dition, the first and second mating members
are free to rotate about an axis of rotation
that is generally parallel to the longitudinal
axes of the body portion apertures of the
first and second mating members; and

wherein each of the body portion recesses has a
center, and wherein the recess centers are posi-
tioned between about 8,9mm (0.35 inches) and
about 30,5mm (1.2 inches) from each other.

2. The apparatus defined in Claim 1, wherein contact-
ing surfaces (115,133,316,333) on the mating pro-
jections of the first and second mating members in-
clude nesting topography that inhibits relative rota-
tion of the first and second mating members when
the fastener is in the tightened condition.

3. The apparatus defined in Claim 1, wherein the mat-
ing projection apertures are configured such that,
when the fastener is in the loosened condition, the
first and second mating members are free to trans-
late relative to each other along a translation axis
that is perpendicular to the axis of rotation and the
longitudinal axes of the fingers of the first and second
mating members.

4. The apparatus defined in Claim 1, wherein the first
and second retaining members are threaded fasten-
ers accessible from a first side of the connector, and
wherein the fastener is accessible from the first side
of the connector.

5. The apparatus defined in Claim 1, wherein each of
the first and second mating members further com-
prises a finger (108,126), the fingers and the body
portions of the first and second mating members to-
gether forming, respectively, the recesses of the first
and second mating members.

6. The apparatus defined in Claim 1, wherein each of
the body portions has an upper surface, and the mat-
ing projections of the first and second mating mem-
bers are located at different first and second distanc-
es from their respective body portion upper surfaces.

7. The apparatus defined in Claim 6, wherein each of
the body portion recesses has a center, and wherein
the recess centers are positioned at substantially the
same distance from the body portion upper surfaces.

8. The apparatus defined in Claim 1, wherein each of
the body portions of the first and second mating
members has a cutaway portion that is complimen-
tary to and nested with an end of the mating projec-
tion of the other of the first and second mating mem-
bers.
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9. A connector (100,300) for interconnecting bone fix-
ation rods, comprising:�

first (102,302) and second (120,320) mating
members, each of the members including a body
portion (104,122,304,322), a mating projection
(114,132,312,330) and a recess
(111,129,306,324) adapted to engage a respec-
tive one of at least two bone fixation rods, the
body portion including an aperture
(106,124,306,324) having a longitudinal axis
that is generally perpendicular to longitudinal ax-
es of the rods, each of the mating projections of
the first and second mating members including
an aperture (116,134,314,332), the mating pro-
jection of the first mating member overlying the
mating projection of the second mating member
such that their respective apertures are gener-
ally axially aligned;
first and second retaining members
(112,130,310,328) inserted into, respectively,
the body portion apertures of the first and sec-
ond mating members to engage a respective
rod; and
a fastener (138,334) inserted through the mating
projection apertures of the first and second mat-
ing members;

wherein, when the fasteners is in a tightened condi-
tion, the first and second mating members are pre-
vented from relative rotation, and when the fastener
is in a loosened condition, the first and second mating
members are free to rotate about an axis of rotation
that is generally parallel to the longitudinal axes of
the body portion apertures of the first and second
mating members; and
wherein each of the body portion recesses has a
center, and wherein the recess centers are posi-
tioned between about 8,9mm (0.35 inches) and
about 30,5mm (1.2 inches) from each other.

Patentansprüche

1. Eine Vorrichtung für die Verbindung von Wirbeln ei-
nes Subjekts, die folgendes umfasst:�

mindestens zwei Stäbe (150, 152, 340, 342),
wobei jeder der Stäbe eine Längsachse be-
stimmt; und
ein Halteelement (100, 300), das die Stäbe mit-
einander verbindet, wobei das Halteelement fol-
gendes umfasst:�

erste (102, 302) und zweite (120, 320) An-
schlusselemente, wobei jedes der Elemen-
te einen Trägerkörperanteil (104, 122, 304,
322), einen Anschlussüberhang (114, 132,

312, 330) und eine Aussparung (111, 129,
306, 324) umfasst, dahingehend ange-
passt, dass sie einen entsprechenden Stab
erfassen, wobei der Trägerkörperanteil ei-
ne Öffnung (106, 124, 306, 324) mit einer
Längsachse enthält, die im Allgemeinen
senkrecht zu den Längsachsen der Stäbe
angeordnet ist, wobei jedes der An-
schlussüberhänge der ersten und zweiten
Anschlusselemente eine Öffnung (116,
134, 314, 332) enthält, wobei der An-
schlussüberhang des ersten Anschlussele-
mentes den Anschlussüberhang des zwei-
ten Anschlusselementes in der Weise über-
lagert, dass dessen jeweilige Öffnung im
Allgemeinen axial in eine Linie gebracht
werden;
erste und zweite Halteelemente (112, 130,
310, 328), die jeweils zur Erfassung eines
entsprechenden Stabs in die Trägerkörpe-
ranteil- �Öffnungen der ersten und zweiten
Anschlusselemente eingefügt sind; und
ein Befestigungselement (138, 334), das in
die Anschlussüberhangsöffnungen der er-
sten und zweiten miteinander Anschlus-
selemente eingelassen ist;

wobei, wenn das Befestigungselement sich in einem
angezogenen Zustand befindet, eine relative Dre-
hung der ersten und zweiten Anschlusselemente
vermieden wird, und wenn das Befestigungselement
sich in einem gelokkerten Zustand befindet, die er-
sten und zweiten Anschlusselemente sich frei um
eine Drehachse drehen können, die im Allgemeinen
parallel zur Längsachse der Trägerkörperanteilöff-
nungen der ersten und zweiten Anschlusselemente
angeordnet ist; und
wobei, jede der Aussparungen der Trägerkörperan-
teile ein Zentrum aufweist, und wobei die Ausspa-
rungszentren zwischen in etwa 8,9 mm (0,35 Inch)
und in etwa 30,5 mm (1,2 Inch) voneinander entfernt
liegen.

2. Die Vorrichtung gemäß Anspruch 1, wobei Kontakt-
flächen (115, 133, 333) auf den Anschlussüberhän-
gen der ersten und zweiten miteinander gepaarten
Elemente eine Verschachtelungstopographie auf-
weisen, die eine relative Drehung der ersten und
zweiten Anschlusselemente verhindert, wenn sich
das Befestigungselement in einem angezogenen
Zustand befindet.

3. Die Vorrichtung gemäß Anspruch 1, wobei die An-
schlussüberhangöffnungen in der Weise konfiguriert
sind, dass, wenn sich das Befestigungselement in
einem gelockerten Zustand befindet, die ersten und
zweiten Anschlusselemente frei sind, sich relativ zu-
einander entlang einer Verschiebungsachse zu ver-
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schieben, die senkrecht zur Drehachse und den
Längsachsen der Finger der ersten und zweiten An-
schlusselemente angeordnet ist.

4. Die Vorrichtung gemäß Anspruch 1, wobei die ersten
und zweiten Halteelemente Befestigungselemente
mit Gewinde sind, die von einer ersten Seite des
Verbindungsglieds erreichbar sind, und wobei das
Befestigungselement von der ersten Seite des Ver-
bindungsglieds erreichbar ist.

5. Die Vorrichtung gemäß Anspruch 1, wobei jedes der
ersten und zweiten Anschlusselemente weiterhin ei-
nen Finger (108, 126) umfasst, wobei die Finger und
die Trägerkörperanteile der ersten und zweiten An-
schlusselemente jeweils die Aussparungen der er-
sten und zweiten Anschlusselemente bilden.

6. Die Vorrichtung gemäß Anspruch 1, wobei jeder der
Trägerkörperanteile eine Oberseite aufweist und die
Anschlussüberhänge der ersten und zweiten An-
schlusselemente in verschiedenen ersten und zwei-
ten Abständen von ihren entsprechenden Trägerkör-
peranteil-�Oberseiten angeordnet sind.

7. Die Vorrichtung gemäß Anspruch 6, wobei jeder der
Trägerkörperanteil- �Aussparungen ein Zentrum auf-
weist und wobei die Aussparungszentren im We-
sentlichen in den gleichen Abständen von der Trä-
gerkörperanteil-�Oberseite positioniert sind.

8. Die Vorrichtung gemäß Anspruch 1, wobei jeder der
Trägerkörperanteile der ersten und zweiten An-
schlusselemente einen ausgeschnittenen Anteil auf-
weist, der komplementär zu und verschachtelt mit
einem Ende des Anschlussüberhangs des anderen
der ersten und zweiten Anschlusselemente ist.

9. Ein Halteelement (100, 300) zur Verbindung von
Knochenfixierstäben, das folgendes umfasst:�

erste (102, 302) und zweite (120, 320) Anschlus-
selemente, wobei jedes der Elemente einen
Trägerkörperanteil (104, 122, 304, 322), einen
Anschlussüberhang (114, 132, 312, 330) und
eine Aussparung (111, 129, 306, 324) umfasst,
dahingehend angepasst, dass sie jeweils einen
der mindestens zwei Knochenfixierstäbe erfas-
sen, wobei der Trägerkörperanteil eine Öffnung
(106, 124, 306, 324) mit einer Längsachse ent-
hält, die im Allgemeinen senkrecht zu den
Längsachsen der Stäbe angeordnet ist, wobei
jeder der Anschlussüberhänge der ersten und
zweiten Anschlusselemente eine Öffnung (116,
134, 314, 332) enthält, wobei der An-
schlussüberhang des ersten gepaarten Ele-
mentes den Anschlussüberhang des zweiten
Anschlusselementes in der Weise überlagert,

dass dessen jeweilige Öffnung im Allgemeinen
axial in eine Linie gebracht werden;
erste und zweite Halteelemente (112, 130, 310,
328), die jeweils zur Erfassung eines entspre-
chenden Stabs in die Trägerkörperanteil-�Öff-
nungen der ersten und zweiten Anschlussele-
mente eingefügt sind; und
ein Befestigungselement (138, 334), das in die
Anschlussüberhangsöffnungen der ersten und
zweiten Anschlusselemente eingelassen ist;

wobei, wenn das Befestigungselement sich in einem
angezogenen Zustand befindet, eine relative Dre-
hung der ersten und zweiten Anschlusselemente
vermieden wird, und wenn das Befestigungselement
sich in einem gelokkerten Zustand befindet, die er-
sten und zweiten Anschlusselemente sich frei um
eine Drehachse drehen können, die im Allgemeinen
parallel zur Längsachse der Trägerkörperanteilöff-
nungen der ersten und zweiten Anschlusselemente
angeordnet ist; und
wobei, jede der Aussparungen der Trägerkörperan-
teile ein Zentrum aufweist, und wobei die Ausspa-
rungszentren zwischen in etwa 8,9 mm (0,35 Zoll)
und in etwa 30,5 mm (1,2 Zoll) voneinander entfernt
liegen.

Revendications

1. Dispositif pour relier les vertèbres d’un sujet,
comportant :�

au moins deux tiges (150, 152, 340, 342), cha-
cune des tiges définissant un axe longitudinal ;
et
un connecteur (100, 300) qui relie ensemble les
tiges, ce connecteur comprenant : �

des premiers organes de liaison (102, 302)
et des seconds organes de liaison (120,
320), chacun des organes comprenant une
portion formant corps (104, 122, 304, 322),
une saillie de liaison (114, 132, 312, 330)
et une cavité (111, 129, 306, 324) destinée
à venir s’engager avec une des tiges res-
pectives, la portion formant corps compre-
nant une ouverture (106, 124, 306, 324)
ayant un axe longitudinal qui est générale-
ment perpendiculaire aux axes longitudi-
naux des tiges, chacune des saillies de
liaison des premiers et seconds organes de
liaison comprenant une ouverture (116,
134, 314, 332), la saillie de liaison du pre-
mier organe de liaison recouvrant la saillie
de liaison du second organe de liaison de
telle sorte que leurs ouvertures respectives
sont généralement alignées de façon
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axiale ;
des premiers et seconds organes de réten-
tion (112, 130, 310, 328) engagés respec-
tivement dans les ouvertures des portions
formant corps des premiers et des seconds
organes de liaison pour venir s’engager
avec une tige respective ; et
un organe de fixation (138, 334) engagé au
travers des ouvertures de la saillie de liaison
des premiers et seconds organes de liaison;

dans lequel, lorsque l’organe de fixation est à l’état
serré, les premiers et seconds organes de liaison
sont empêchés de pivoter l’un par rapport à l’autre,
et lorsque l’organe de fixation est à l’état desserré,
les premiers et seconds organes de liaison sont li-
bres d’effectuer une rotation autour d’un axe de ro-
tation qui est généralement parallèle aux axes lon-
gitudinaux des ouvertures des portions formant
corps des premiers et seconds organes de liaison ;
et
dans lequel chacune des cavités des portions for-
mant corps a un centre, et dans lequel les centres
des cavités sont positionnés à une distance compri-
se entre environ 8,9 mm (0,35 pouce) et environ 30,5
(1,2 pouce) les uns des autres.

2. Dispositif défini dans la revendication 1, dans lequel
les surfaces de contact (115, 133, 316, 333) sur les
saillies de liaison des premiers et seconds organes
de liaison incluent une topographie d’emboîtement
qui empêche la rotation relative des premiers et se-
conds organes de liaison lorsque l’organe de fixation
est à l’état serré.

3. Dispositif défini dans la revendication 1, dans lequel
les ouvertures des saillies de liaison sont configu-
rées de manière telle que, lorsque l’organe de fixa-
tion est à l’état desserré, les premiers et seconds
organes de liaison sont libres d’effectuer une trans-
lation les uns par rapport aux autres le long d’un axe
de translation qui est perpendiculaire à l’axe de la
rotation et aux axes longitudinaux des doigts des
premiers et seconds organes de liaison.

4. Dispositif défini dans la revendication 1, dans lequel
les premiers et seconds organes de rétention sont
des organes de fixation filetés accessibles d’un pre-
mier côté du connecteur, et dans lequel l’organe de
fixation est accessible du premier côté du connec-
teur.

5. Dispositif défini dans la revendication 1, dans lequel
chacun des premiers et seconds organes de liaison
comprend de plus un doigt (108, 126), les doigts et
les portions formant corps des premiers et seconds
organes de liaison formant ensemble, respective-
ment, les cavités des premiers et seconds organes

de liaison.

6. Dispositif défini dans la revendication 1, dans lequel
chacune des portions formant corps a une surface
supérieure, et les saillies de liaison des premiers et
seconds organes de liaison sont situées à des pre-
mières et secondes distances différentes par rapport
aux surfaces supérieures respectives de leurs orga-
nes de liaison.

7. Dispositif défini dans la revendication 6, dans lequel
chacune des cavités de la portion formant corps a
un centre, et dans lequel les centres des cavités sont
positionnés substantiellement à la même distance
des surfaces supérieures de la portion formant
corps.

8. Dispositif défini dans la revendication 1, dans lequel
chacune des portions formant corps des premiers et
seconds organes de liaison a une partie coupée qui
est complémentaire d’une extrémité de la saillie de
liaison de l’autre parmi les premiers et seconds or-
ganes de liaison, et qui est emboîtée avec celle- �ci.

9. Un connecteur (100, 300) pour relier ensemble des
tiges de fixation d’os, comportant :�

des premiers organes de liaison (102, 302) et
des seconds organes de liaison (120, 320), cha-
cun des organes comprenant une portion for-
mant corps (104, 122, 304, 322), une saillie de
liaison (114, 132, 312, 330) et une cavité (111,
129, 306, 324) destinée à venir s’engager avec
l’une respective d’au moins deux tiges de fixa-
tion d’un os, la portion formant corps compre-
nant une ouverture (106, 124, 306, 324) ayant
un axe longitudinal qui est généralement per-
pendiculaire aux axes longitudinaux des tiges,
chacune des saillies de liaison des premiers et
seconds organes de liaison comprenant une
ouverture (116, 134, 314, 332), la saillie de
liaison du premier organe de liaison recouvrant
la saillie de liaison du second organe de liaison
de telle sorte que leurs ouvertures respectives
sont généralement alignées de façon axiale ;
des premiers et seconds organes de rétention
(112, 130, 310, 328) engagés respectivement
dans les ouvertures des portions formant corps
du premier et du second organe de liaison pour
venir s’engager avec une tige respective ; et
un organe de fixation (138, 334) engagé au tra-
vers des ouvertures des saillies de liaison des
premiers et seconds organes de liaison ;

dans lequel, lorsque l’organe de fixation est à l’état
serré, les premiers et seconds organes de liaison
sont empêchés de pivoter l’un par rapport à l’autre,
et lorsque l’organe de fixation est à l’état desserré,
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les premiers et seconds organes de liaison sont li-
bres d’effectuer une rotation autour d’un axe de ro-
tation qui est généralement parallèle aux axes lon-
gitudinaux des ouvertures des portions formant
corps des premiers et seconds organes de liaison ;
et
dans lequel chacune des cavités des portions for-
mant corps a un centre, et dans lequel les centres
des cavités sont positionnés à une distance compri-
se entre environ 8,9 mm (0,35 pouce) et environ 30,5
(1,2 pouce) les uns des autres.
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